Much information is available for specific gravity and other properties of wood and bark, but it is widely scattered in the literature. This paper compiles information for estimation of biomass for 156 tree species found in North America for use in national forest inventory applications. We present specific gravities based on average green volume as well as 12 percent moisture content volume for calculation of oven-dry biomass. Additional information is included on bark thickness, bark voids, and bark percentages by species and green and dry weight of wood and bark.
1

IntroductIon
National forest inventories (NFIs) are a vital source of data for estimating the volume, biomass, and carbon in trees. In the United States, these estimates are based on data collected by the Forest Inventory and Analysis (FIA) program of the U.S. Forest Service during routine field inventories. Converting basic tree measurements from these inventories to volume, biomass, and carbon requires information for wood and bark, such as volume estimation equations, specific gravity, and percentage bark. This paper provides the variables needed to convert green volume estimates for the sound wood in the central stem from FIA data to biomass estimates for stemwood and bark. While there are more than 800 species of trees in U.S. forests (Little 1979) , over 95 percent of the nation's forest tree volume resides in the 156 species presented in Table 1A . Specific gravity and other properties of wood and bark are presented in Tables 1 through 3 for these 156 North American tree species. Table 4 contains specific gravity estimates for all species currently tallied on FIA field plots in the continental United States.
Methods
We collected specific gravity data for wood and bark based on green volume from published sources. These sources were selected on the basis of availability of data reporting specific gravity estimates from green volume and oven-dry weight (green specific gravity) for use with field inventory data. Table 1A presents values for green specific gravity from Jenkins et al. (2004) but with updated references. Additionally, specific gravity based on 12 percent moisture content (MC) volume and oven-dry weight is provided to facilitate estimating biomass from measurements of volumes of processed forest products (lumber, veneer, etc.) . It should be noted that conversions involving biomass of primary forest products, such as saw logs and pulpwood, should be based on green specific gravity. Table 1B provides values for total oven-dry and green weight for combined wood and bark when only wood volume is known.
Information was collected for bark volume as a percentage of green wood volume from published sources as noted in the Tables 2A,  2B , and 3. Bark estimates based solely on double bark thickness or diameter inside (DIB) and outside (DOB) bark relationships will overestimate the true bark percentage due to unaccounted voids and fissures characteristically found in tree bark. It is unclear which of the referenced studies on bark accounted for this factor so estimates presented may overstate the average bark percent by 10 to 25 percent of the reported value depending on the species. Table 2A look-up values for average bark percent by diameter at breast height (d.b.h.) class (final percentages adjusted for estimated bark voids) were derived using the equation:
where DBT = double bark thickness in inches b0 and b1 = regression coefficients from Table 2A DIAM ob = diameter (inches) outside bark at specified stem location
This equation was used to estimate DBT at d.b.h. and at 4 inches top diameter outside bark. The DBT value was subtracted from each outside diameter to derive inside bark diameter at that point. The bark percentage at each point was then calculated. The bark percentage values at d.b.h. and 4 inches were averaged and then adjusted by the bark void factor to calculate the final bark percentage for each species and d.b.h. class as shown in Table 2A . Table 2B provides estimates of bark percentage based on diameter inside bark regression data found in Hilt et al. (1983) . Estimates of bark percentage were computed at d.b.h. and at 4 inches outside bark, averaged, and then adjusted for estimated bark voids. Table 2B look-up values for average bark percent by d.b.h. class were estimated using the equation:
where DIB = diameter (inches) inside bark b0 and b1 = regression coefficients from Table 2B DOB = diameter (inches) outside bark as specified stem location DBH = diameter (inches) outside bark at breast height Table 2A provides information on bark as a percentage of wood volume based on equations from published double bark thickness (DBT) regressions adjusted for bark voids; Table 2B provides information based on DIB/DOB relationships adjusted for bark voids. Table 3 presents bark percentages by species from averaged values in Tables 2A and 2B and other referenced studies. Species values in Table 3 were used to assign bark percentages for species with similar bark characteristics in Table 1A .
calculating Biomass
Once central stem net wood volume has been estimated by a volume equation or other means, this value becomes the basis for central stem biomass estimates of both wood and bark. Central stem wood biomass is estimated using the equation:
B odw = V gw * SG gw * W
where B odw = oven-dry biomass (pounds) of wood V gw = net volume (cu. ft.) of green wood in the central stem SG gw = green specific gravity of wood from 
where B odw = oven-dry biomass (pounds) of wood B odb = oven-dry biomass (pounds) of bark And finally, to calculate total wood product biomass, this equation was used:
B odp = V p * SG 12 * W
where B odp = oven-dry biomass (pounds) of wood product (lumber, veneer, etc.) V p = volume (cu. ft.) of wood product SG 12 = specific gravity based on 12% MC volume of wood from Table 1A W = weight of cu. ft. of water (62.4 pounds)
Working with Bark data when only total Volume is Available
Generally, NFI data are presented in terms of wood volume and Eq. 3 and Eq. 4 are used to estimate total volume and biomass of wood and bark. If only gross volume of wood and bark is available, separate estimates of bark and wood volume may be useful. Tables 2 and 3 provide information on bark as a percentage of total wood and bark for several species and species groups. The percents are derived using the following formula:
BV% total = 100 * (BV% wood / (100 + BV% wood ))
where BV% wood = Bark volume expressed as a percentage of wood volume BV% total = Bark volume expressed as a percentage of wood and bark volume
Biomass Adjustments
Forest trees are subject to many damaging agents, such as weather, insects, disease, and fire that can affect tree volume and biomass estimates. Thus, adjustments may be needed to account for rotten or missing wood caused by these agents. This requires additional descriptive inventory data which may or may not be available. In the absence of such data, models may be derived to estimate the average volume deduction for these factors to adjust final tree volume and biomass estimates. This need for adjustment is noted here as a caution when more precise values are required; such issues are not addressed in this paper.
Green Weight
In today's wood markets, wood is often sold based on green weight. Values are presented for average green weight in pounds per cubic foot and kilograms per cubic meter 1 to accommodate this calculation for both wood and bark. Green weights can be extremely variable geographically, seasonally, within species, and across various portions of individual trees. The values presented in Table 1A are useful for large-scale estimates but should be considered as rough estimates for localized areas. An average value for wood and bark combined may be derived with the following equation:
GWT wb = GWT w * (1 -BV% total /100) + GWT b * BV% total /100 (8) where BV% total = 100 * (BV% wood / (100 + BV% wood )) (9) GWT wb = average green weight per cubic foot of combined wood and bark GWT w = average green weight per cubic foot of wood GWT b = average green weight per cubic foot of bark Table 1B provides estimates of oven-dry and green weight for combined wood and bark when only wood volume is known.
Comprehensive list of specific gravities
Currently there are 465 trees species listed in the reference species table of the FIA database (FIADB; USDA For. Serv. 2009), and as previously stated, 156 of these species account for more than 95 percent of the tree biomass in the United States. However specific gravity estimates are needed for all 465 species (Table 4) to provide estimates of total tree biomass on U.S. forest land. Specific gravity values for the 309 uncommon species are derived as follows:
If a tree species is not listed in Table 1A but multiple tree species of the same genus are listed, then the unlisted species is assigned the average of the specific gravities of the listed species of the same genus. There were 142 species in Table 4 that are assigned specific gravities in this manner.
If a tree species is not listed in Table 1A but there is one tree species of the same genus in Table 1A , then the unlisted species is assigned the specific gravity of the listed species. Twenty-seven species in Table 4 are assigned specific gravities in this manner.
If a tree species is not listed in Table 1A and there are no tree species of the same genus listed in Table 1A , then the unlisted tree species is assigned either the average specific gravity of all the softwoods in Table 1A or all the hardwoods in Table 1A . There are 115 species in Table 4 that are assigned specific gravities in this manner.
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Today all trees are identified to species. In earlier inventories trees may have been identified only to genus. To accommodate this older data, the reference species Table 5 contains 25 records where only the genus is listed. An example of this is the record "Fir spp". The specific gravity used for the "Fir spp" record is the average for all of the specific gravities for all of the fir species listed in Table 1A . The specific gravities for the other 24 genus-only records are similarly estimated.
AddItIonAl InforMAtIon
Specific gravity of wood and bark can be quite variable depending on many factors, including the geographic location of trees and moisture content, which varies by species, d.b.h., age, and stem position. The values presented here are averages and should be used with caution for estimates targeting small geographic areas requiring more precise values. Two excellent sources of information on wood and bark, including how to make adjustments for alternative moisture contents and other factors, are found in Bowyer et al. (2007) and Forest Products Laboratory publications (USDA For. Serv. 1999 , Simpson 1993 . Additional information on individual species characteristics is also available at the PLANTS database (USDA Nat. Res. Conserv. Srvc. 2009).
The tables for this publication are available as electronic worksheets. These worksheets and other information on the FIA program may be found at http://www.fia.fs.fed.us. Table 1A b Assigned genus value from Table 5 c Assigned the average value of softwood trees or average value of hardwood trees from Table 1A d Assigned value of the tree of the same genus in Table 1A e Based on green volume specific gravity and bark moisture content of similar species f No reference source available, estimated based on similar species 
---------------------------bark as percent of wood volume----------------------------
